SPATIAL DISTRIBUTION
The 84 sites selected for analysis, which drain areas ranging from 3.3 to 27,100 square miles, are distributed throughout 10 major river basins in the 64,000-square-mile Chesapeake Bay Basin ( fig. 1) . Most of the 84 sites are in the basins of the three largest rivers draining into the Bay: the Susquehanna (36 sites), the Potomac (24 sites), and the James (9 sites). These three rivers drain slightly more than 80 percent of the Chesapeake Bay Basin and contribute about 85 percent of the Bay's mean annual inflow of 69,900 cubic feet per second. Data from some areas in the Chesapeake Bay Basin are not discussed in this report because little or no long-term water-quality information is available. One example of this is the eastern shore of Maryland, an area previously identified as having elevated concentrations of nutrients (Zynjuk, L.D., and Feit, B.L., U.S. Geological Survey, written commun., 1996) .
YIELDS
In order to calculate an annual yield of a constituent from a stream basin, an annual load (concentration multiplied by streamflow) must first be estimated. Annual loads of TN, NO 3 , TP, and TSS at the 84 sites were estimated by use of the USGS seven-parameter log-linear-regression model (ESTIMATOR) developed and validated by Cohn and others (1992) . This model incorporates the minimum variance unbiased estimator (MVUE) model developed by Bradu and Mundlak (1970) . The USGS model uses multiple regression to estimate a daily load by multiplying a predicted daily concentration by the daily mean streamflow. The estimated daily loads are summed to estimate the annual load. Annual yields are then calculated as the annual load divided by the drainage basin area. To be consistent with reporting of data in the 1997 reevaluation of the Chesapeake Bay Program (Langland and others, 1998) , a mean yield based on annual yields for calendar years 1994-96 is reported here. If 1994-96 annual yields are not available, then the mean annual yield from 1993 to 1995 is reported. The mean annual yields discussed in this report will hereafter be referred to as status yields.
Sampling several high-flow events at different times of the year is extremely important in making accurate estimates of loads and yields. If a concentration-streamflow relation is not accurately defined, annual loads (and therefore annual yields) potentially can be over-or underestimated. Previous studies (Langland and others, 1995; Johnson and Belval, 1998) compared results of analysis of water-quality samples collected at the same site by different agencies over a 5-10 year period. Results indicated large differences in annual loads of TN, TP, and TSS at many of these co-located sampling sites, especially in basins where concentrations vary considerably between stormflow and non-stormflow conditions. These differences are directly related to the presence or absence of samples that represented the entire range of streamflow, especially the highflow events. Therefore, sampling schemes should be designed to include sampling of the entire range of streamflow conditions to ensure the best possible estimate of annual loads.
Status yields for TN were computed for 54 of the 84 sites (table 1) . TN yields could be calculated for only 8 of the 36 sites in the Susquehanna River Basin because one or more nitrogen species needed to calculate TN (ammonia, organic nitrogen, nitrite, and nitrate) were not analyzed, or at least two of the species were reported at less than the analytical detection limit.
The three sites having the highest status yields for TN (site numbers 35, 51, and 50, fig. 1 and table 1) were located in highly intensive agricultural areas of the lower Susquehanna and the northcentral Potomac River Basins. More than 50 percent of the land that drains to the three sites is classified as agricultural. The Conestoga River (site 35) had a TN status yield of about 42 lb/acre (pounds per acre), more than five times the mean yield (8.4 lb/acre) of all the sites. Conversely, the lowest TN status yields (site numbers 62, 77, and 78, fig. 1 and table 1) were from basins that have a high (greater than 65) percentage of forest cover and a low (less than 20) percentage of agricultural land (Langland and others, 1995) . Generally, these sites are in the central and western parts of the Chesapeake Bay Basin, where forests predominate and agricultural activity is less intense because of poor soil conditions and terrain unsuitable for farming. The highly intensive agricultural areas in the lower Susquehanna and central Potomac River Basins contain 9 of the 10 sites with the highest NO 3 yields. The highest yields for TN and NO 3 were reported at the same location-Conestoga River at Conestoga (site 35, fig. 1 ). Elevated yields of nutrients in agricultural areas are associated with nitrogen inputs, primarily from applications of manure and commercial fertilizers in excess of crop uptake. Lindsey and others (1997) estimated that on an annual basis, about 30 lb/acre of excess nitrogen were applied in the Conestoga River Basin in 1993-95. This excess nitrogen is potentially available to run off in surface water or to leach into the soil and enter the ground-water system. Conversely, status yields for NO 3 were lowest (averaging 1.21 lb/acre, sites 75-81, fig. 1 and table 1) in the highly forested upper James River Basin.
Status yields of TP were calculated at 75 of the 84 sites (table 1). Many of the sites that have high TP status yields are in the same highly intensive agricultural areas in the Chesapeake Bay Basin in which the highest status yields of TN and NO 3 were measured. Applications of manure and commercial fertilizer in excess of crop uptake requirements are the most likely cause of these high TP yields. Excess phosphorus adheres to soil particles and is readily transported in surface runoff when soils are disturbed by farming activities. The highest status yield of TP (3.53 lb/acre) was estimated at Conestoga River at Conestoga (site 35, fig. 1 ), an area of intensive agricultural activities. The lowest TP yield (0.11 lb/acre) was estimated for site 15, a small watershed within the Susquehanna River Basin where forest cover exceeds 90 percent of the drainage area. Additional factors contributing to elevated TP yields include the natural concentrations of phosphorus in the soils and the effects of urban growth in the basin.
Calculated TP yields decreased significantly between site 34 (0.61 lb/acre) and site 36 (0.30 lb/acre) in the Lower Susquehanna River Basin, even though the basin having the highest TP yield (site 35) discharged to the Susquehanna River between the two sites. The reason for this decrease is Table 1 . Estimated and ranked yields for four constituents at 84 nontidal sites located within 10 river basins in the Chesapeake Bay Basin [N, nitrogen; P, phosphorus; yield, 1994-96 calendar year mean, in pounds per acre; rank (54), ranking of all yields from largest to smallest; number in parenthesis represents total number of sites with estimated yields; --, data not available; green, samples collected by the Susquehanna River Basin Commission; yellow, samples collected by the U.S. the presence of large reservoirs behind each of three hydroelectric dams on the Susquehanna River between sites 34 and 36. As water enters these reservoirs, it slows, and suspended particulate matter is deposited. Because phosphorus adheres to particulate matter, phosphorus also is deposited. These three reservoirs annually trap an average of 40 percent of the total phosphorus load entering this river system (Ott and others, 1991) .
Status yields for TSS were calculated at 56 of the 84 sites (table 1). TSS yields ranged from a maximum of 1,220 lb/acre (site 71) to a minimum of 13.8 lb/acre (site 15). Similar to phosphorus, the TSS status yield declines in the Lower Susquehanna River Basin, from 564 lb/acre (site 34) to 193 lb/acre (site 36). This is caused primarily by the estimated 70-percent sediment trapping efficiency in the reservoir system on the Lower Susquehanna River (Ott and others, 1991) . Once the reservoirs fill, they will no longer trap sediments and nutrients, and loads to the Bay can be expected to increase by 70 percent for phosphorus and 250 percent for suspended sediment (Langland and Hainly, 1997) . Although yields of total suspended solids and suspended sediments are not directly comparable because of analytical differences, the transport mechanism (streamflow) and depositional processes are similar. Suspended sediment status yields were calculated for nine USGS waterquality sites. If TSS data were available at any of the nine sites, then TSS yields were reported in table 1. 
TRENDS
One way to measure the effects of nutrient-reduction strategies in the Chesapeake Bay Basin, and progress toward the nutrient-reduction goal, is to determine if any consistent changes through time, or trends, are evident in the concentrations of nutrients in the waters that enter the Bay. Across the basin, trends in the concentrations of both TN and TP were generally downward, indicating that nutrient-reduction strategies have had a positive effect on the water quality.
Trends in concentration were determined by use of a time coefficient in the ESTIMATOR model (Cohn and others, 1989) . The trend results are corrected to account for both flow and seasonality. Where the trend is significant (95-percent significance level), the direction of the trend is indicated by upward or downward pointing arrows ( figs. 2a-2d ).
Trends in concentrations of TN were calculated for 54 sites. The trends were downward at 20 of the 54 sites ( fig. 2a and table 2 ) and upward at six sites, four of which are in the Potomac River Basin ( fig. 2a) . Trends in concentrations of NO 3 were calculated for 81 sites ( fig. 2b and table 2) . NO 3 trends were upward at 19 sites and downward at 19 sites, but no significant change was detected at 47 sites. The upward trends may be related to (1) a "lag" between applications of fertilizers to the land surface and the delivery of NO 3 in the ground-water portion of streamflow, (2) climatic factors, such as variability in precipitation, that can vary the amount of NO 3 infiltrating the soils and reaching the ground water, (3) upgrades to sewage-treatment facilities that may change ammonia and organic forms of nitrogen to NO 3 , and (4) possible higher concentrations of in-stream NO 3 as nitrogen-consuming plants (such as algae, a source of organic nitrogen) are limited due to in-stream decreases in phosphorus concentrations.
The positive effects of nutrient-reduction strategies are reflected by the downward trends in TP. Significant downward trends in TP were reported at 58 sites ( fig. 2c and table 2), no change was reported at 17 sites, and TP was increasing at only 1 site. Reductions in concentrations from point-source discharges, especially sewage-treatment plants (U.S. Environmental Protection Agency, 1997), and the phosphate detergent ban (implemented throughout the basin in different years in the 1980's) were major factors affecting the widespread downward TP trends in all 10 subbasins.
Significant downward trends for TSS were reported at 13 of the 56 sites. Upward TSS trends were reported at 4 sitesone each in the Patuxent, Choptank, Potomac, and James River Basins ( fig. 2d and table 2) . No significant trends in concentrations of TSS could be determined at 52 sites. At 10 of the 13 sites where TSS trends were downward, TP trends also were downward. Because a large portion of TP is attached to particulate matter (TSS), and the main transport mechanism for both constituents is surface-water runoff, nutrient-reduction strategies designed to control surface runoff would favorably affect both TSS and TP. 
SUMMARY
In support of the 1997 Reevaluation of the Chesapeake Bay Program, water-quality yield and trend data from 1985-96 were analyzed at 84 nontidal sites within 10 major subbasins of the Chesapeake Bay Basin. A mean yield was calculated for total nitrogen, total nitrate, total phosphorus, and total suspended solids at 54, 80, 75, and 56 sites, respectively, for the last 3 years of record. The highest yields were reported at sites in subbasins having a large percentage of agricultural land use, and lowest yields were reported in subbasins with large amounts of forested land. Generally, basinwide trends from 1985 to 1996 for both total nitrogen and total phosphorus were downward, indicating the positive effects of nutrient-reduction strategies. Trends for nitrate nitrogen, however, were either upward or not statistically significant at about 75 percent of the sites, suggesting that nutrient-reduction strategies for nitrate nitrogen are less effective or that more time is needed to detect significant changes in water quality.
